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Shortly after the opening of underground coal mines in 
the cities of Louisville and Lafayette in Boulder County, 
Colorado, areas of these cities began to experience signifi­
cant surface disturbance due to the collapse of undermined 
Areas. In many instances, this surface disturbance caused 
both structural and property damage. Since that time, 
damage to structures and property above the mines has con­
tinued, but at a declining rate of occurrence. In many of 
the recently reported cases of damage to structures and/or 
property, " it has been shown that mine subsidence was the 
cause. However, in most cases the true cause is unclear, 
because the damage caused by mine subsidence is often simi­
lar to that caused by other factors, such as deterioration 
of construction materials, faulty construction methods, and 
collapsing or swelling soils.
To better understand the relationship between mine 
subsidence and residential damage, either to the structure 
or to the property, an engineering assessment of recent 
damage to structures and property was completed. This study
iii
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evaluated the effects of underground coal mines on residen­
tial damage using statistical tests to analyze the differ­
ence between various factors. The database for this study 
was developed through field surveys of residences and the 
evaluation of mine maps and drill hole boring logs.
The results of these analyses indicated that the pre­
sence of underground coal mines increased the probability of 
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In recent years, considerable concern has been expressed 
about the possibility of residential damage in areas of 
underground coal mining. Much of this recent concern is a 
result of the rapid growth of the Front Range Urban Corri­
dor. This area, which follows the Front Range from Colorado 
Springs to Fort Collins, has undergone rapid population 
growth. As a result of this growth, large residential 
projects have been built in areas of underground coal min­
ing. The developers of these projects, as well as govern­
mental agencies, have been under pressure to better under­
stand the risks associated with building above underground 
coal mines.
Figure 1-1 shows the approximate location of the study 
area. A detailed map of the study area is shown on Plate
1. This investigation was part of a comprehensive study 
performed by Dames & Moore (Dames & Moore, 1986), under 
Contract C188071, for the Colorado Mined Land Reclamation 
Division (CMLRD). Dames & Moore, (1986), documented and 
reported areas of potential subsidence hazards, subsidence 
failure modes, and subsidence remedial measures.
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Reference: U.S.O.S. 2" Series, Denver and 
Greeley CO, Dated 1978
N
10 Miles
(After Dames & Moore, 1986)
Figure 1-1 
Study Area Location Map
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The results of the study, reported here, will be used to 
help quantify the extent of damage that can be attributed to 
subsidence above underground coal mines in the area of 
Louisville and Lafayette, Boulder County, Colorado.
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2.0 STUDY OBJECTIVES
To better understand the relationship between under­
ground coal mining and residential damage, two objectives
were outlined ; firstly to assess the difference in damage 
severity and frequency between undermined and nonundermined 
areas, and secondly to determine, where applicable, which
mining factors significantly influence the severity and 
frequency of damage to overlying areas.
To attain these objectives, the following were conduct­
ed :
1. Collection and review of pertinent geological and
mining data, to assess the geologic and mining 
parameters present in the study area.
2. Survey of two hundred and fifty-seven homes over
both mined and unmined areas. The data collected
in the survey were used to quantify the severity
and frequency of damage to undermined residential 
areas.
3. Analysis of possible relationships between damage
to residential areas and mining conditions in the
study area.
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4. Preparation of this engineering report, which sum­
marizes the data collected, analyses performed and 
conclusions drawn from the study.
All work for this study was conducted by the author 
except for the supervision of drilling.
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3.0 UNDERGROUND MINING AND SUBSIDENCE
To analyze the relationship between underground mining 
and residential damage, an understanding of the study area 
conditions was necessary. These conditions included 1) 
local geology, and 2) local mining methods and practices. 
These conditions are summarized in the following sections.
3.1 Geologic Conditions
Previous subsidence investigations concluded that both 
stratigraphy and structural geology structure play a signi­
ficant role in the timing and magnitude of mine subsidence 
(Dames & Moore, 1985, 1986). Therefore, the local geologic 
conditions are important in the assessment of mine subsi­
dence .
The study area lies on the western flank of the Denver 
Basin. This basin is a large asymmetric sedimentary basin 
that extends from the Front Range eastward into Kansas and 
Nebraska, and from Colorado Springs north to Wyoming. 
Because of the importance of coal mining in the study area, 
several geologic investigations have been performed in the 
past by these investigations which include Emmons, Cross, 
and Eldridge (1896), Cooper and Abernethy (1937), Landis
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(1959), Spencer (1961), Lowrie (1966), Weimer (1973), and 
Davis and Weimer (1976).
The following brief description of the study area geolo­
gy is summarized from the Dames & Moore report (1986).
3.1.1 Stratigraphy
The local bedrock geology is dominated by the Laramie 
Formation, with some exposures of the Pierre Shale and Fox 
Hills Sandstone. A generalized stratigraphie column is shown 
in Figure 3-1. Outcrops of the Laramie Formation are rare 
because it is usually covered by Quaternary deposits. The 
more resistant Fox Hills Sandstone and the underlying Pierre 
Shale crop out in a few road cuts and is well exposed in 
several small mesas outside of the study area.
3.1.1.1 Pierre Shale
The Pierre Shale consists of gray, brown, and black 
shale with thin layers of sandstone. A middle unit of the 
Pierre, the Hygiene Sandstone, consists of interbedded cal­
careous and glauconitic sandstone and shale. Spencer (1961) 
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LARAMIE FORMATION -  Upper portion consists of 
claystone, sandstone, siltstone and thin lignite 
seams; Lower portion contains gray to black 
claystone, very fine- to fine-grained sandstone, 
and coal seams. The formation is eroded in 
Boulder County and generally less than 500 feet 
is present; thickness of the lower, coal-bearing 
portion is 250 feet or less.
GORHAM SEAM (Black Diamond No 1, Gorham, Monarch 
No 1, and Old Crown mines)
UPPER ZONE (Parkdaie,-Vulcan, Capitol, and Standard mines)
MIDDLE ZONE (Mitchell, Simpson, Fireside, and New Crown 
mines)
INTERMEDIATE ZONE, (Old Centennial, Nonpareil.and 
Matchless mines)
LOWER ZONE (New Centennial, Black Diamond No 2.
Hi-Way, and Rex No 2 mines)
FOX HILLS SANDSTONE -  Light gray, white, and 
yellow-brown very fine-grained to medium- 
grained, cross-bedded, massive sandstone, 
contains iron-stained calcareous concretions; 
60 to 200+ feet thick.
PIERRE SHALE- gray, brown, and black marine 
shale, sandy near upper transitional contact with 
Fox Hills Sandstone,up to 8000 feet thick.
(After Dames & Moore, 1986) Figure 3-1  
Generalized Stratigraphie Column 
of the Study Area
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3.1.1.2 Fox Hills Sandstone
The Fox Hills Sandstone conformably overlies the Pierre 
Shale and consists of cross-bedded, very fine- to fine­
grained, weakly cemented sandstone. The sandstone is usual­
ly white to light gray when fresh, altering to yellow or 
buff on outcrop. When drilled, a dark or rusty brown ce­
mented zone is commonly encountered in the upper ten feet of 
the formation. In many areas, a thin coal seam in the 
Laramie Formation conformably overlies the uppermost Fox 
Hills Sandstone. The Laramie-Fox Hills contact is commonly 
used as a drilling datum and is easily recognizable on 
geophysical logs because the sandstones in the Fox Hills 
have a distinctively lower natural gamma count and higher 
resistivity than the overlying sandstones in the Laramie 
Formation. The Fox Hills Sandstone ranges in thickness from 
125 to 250 feet.
3.1.1.3 Laramie Formation
The Laramie Formation is divided into two units, an 
upper sandy claystone unit, and a lower coal-bearing unit. 
The upper unit generally consists of 600 to 700 feet of non­
marine claystone, very fine- to fine-grained sandstone, 
siltstone and thin coal seams. The lower unit contains the
ER-3321 - 1 0 -
mineable coal seams of the local coal field. The thickness 
of the upper unit in the study area is generally less than 
500 feet due to erosion of the upper portion.
The lower portion of the formation consists predomi­
nantly of silty to sandy claystone, very fine- to fine­
grained gray to white sandstone, sandy siltstone, carbona­
ceous claystone, and coal. The sandstone intervals are 
generally less than 20 feet thick. Examination of drill 
cores from the coal-bearing unit indicate bioturbation and 
rooting, and in a few cases evidence of burrowing. Carbona­
ceous detritus is a component of most of the lithologies 
near the coal-bearing horizons. Overall, the Laramie Forma­
tion is weakly cemented and provides little resistance to 
-drilling.
Mineable coal within the study area occurs in five 
zones, or stratigraphie horizons in the lower Laramie Forma­
tion. The relative stratigraphie position of these seams is 
shown in Figure 3-1.
3.1.2 Structural Geology
The regional dip of the strata in the study area is less 
than 5 degrees to the east-southeast. This, however, is 
broken by a complex series of northeast trending faults 
which extend through the study area. Faulting has broken
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the sedimentary rock units into a series of narrow north­
east-trending grabens and horsts. Up-thrown blocks, to the 
west of the study area, are usually non-coal-bearing, and 
consist of the older Pierre Shale and Fox Hills Sandstone. 
Offset of the major northeast-trending faults averages 
between 100 and 200 feet, and apparently decreases to the 
east. Fault movement is predominantly high-angle, dip-slip 
with both normal and reverse faults present.
Analyses of oil exploration seismic data indicate that 
the faults bounding the horst and graben structures are 
listric (curved) normal faults, which flatten with depth and 
do not extend below the Hygiene member of the Pierre Forma­
tion. Davis and Weimer (1976) have proposed growth faulting 
as the mechanism for this horst-graben formation. They 
suggest that high rates of deltaic sedimentation during the 
Cretaceous caused excessive loading, or "over-pressurizing”, 
of the underlying shales in the Pierre Shale. Pressure 
release may have manifested itself in the form of listric 
growth faults and associated antithetic faults occurring 
simultaneously with the deposition of the Fox Hills and. 
Laramie.
The listric faults are high-angle normal faults near the 
surface. Seismic interpretation show that the fault planes 
dip east (basinward) and die out in the Pierre Formation as 
bedding-plane faults. Normal and reverse high-angle anti-
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thetic faults occur on the basin side of the listric faults 
and form most of the horst-graben structures in the study 
area. The cross section shown in Figure 3-2, illustrates 
the geologic structure in the study area.
Unusually thick sections of the Fox Hills Sandstone and 
Laramie Formations have been measured in and around the 
grabens of the study area. The thickness of these forma­
tions, as well as the thickness of the mineable coal seams 
in the study area is due to rapid penecontemporaneous growth 
fault movement during coal deposition (Davis and Weimer, 
1976; Spencer, 1961).
3.2 Mining Conditions
Previous studies have indicated that both the age of the 
mine and the mining methods and practices employed by the 
mine can have a significant effect on mine subsidence (Dames 
& Moore, 1985, 1986). As a result, this study included an 
investigation of both the mining history and methods of 
local mines. These investigations are presented in the 
following sections. Detailed maps of the mines in the study 
area are provided on Plates 2, 3, and 4.
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The Boulder-Weld Coal Field of which the study area is 
part, was discovered by early gold prospectors in 1859 . 
Mining in the field began in 1864 in the Marshall area south 
of Boulder (Colorado Mined Land Reclamation Division, 
1982). As time passed, mining extended progressively toward 
the northeast, moving into the Louisville area in 1877 and 
into the Lafayette area in 1889 ( Dames & Moore, 1986).
During this time, the mines generally became deeper, larger, 
and more modern. The "Tri-Towns" area of Frederick, Dacono, 
and Firestone in Weld County was the last portion of the 
Boulder-Weld Field to open and the last to close, with 
mining continuing through the 19701s (Hynes, 1984). By the 
time coal mining ended in Boulder County in 1958, with the 
final closure of the Cracker jack No. 2, more than 80 mines 
had existed, many having operated under two or more names.
Mining in the Louisville area began shortly after the 
Colorado Central Railroad was extended into the Coal Creek 
area from Golden in 1872. In 1877, C.C. Welch of Golden and 
Louis Nawatny opened the first mine along Coal Creek, the 
Welch, later called the Louisville Mine (Dames & Moore, 
1986). Coal from this mine and from most of the other mines 
in the area was used for heating homes and businesses, 
because the coal quality was not suitable for metallurgical
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purposes and could not be transported long distances. Many 
of the early mines operated only during the winter heating 
season when fresh, lump coal was in demand. Later, mines 
operated throughout the year because . the railroads and 
electric plants could use the coal continuously.
The Acme Mine, which has been responsible for many of 
Louisville's subsidence problems, was opened in 1888 by the 
Louisville Coal Mining Company. By 1898, the remaining 
mines underlying the original town of Louisville (the Ajax, 
Caledonia, Hecla, Abadair/Imperial, Leader and Rex Mines), 
had begun production. Residential development around Louis­
ville is presently occurring in areas underlain by other 
Louisville District mines. These mines include the Match­
less, Old Centennial, Nonpareil, Monarch No. 2, Fireside, 
and New Crown.
Due to the lack of convenient railroad lines, mines in 
the Lafayette area did not begin producing as early as the 
mines in Louisville. The first mine, the Simpson, opened in 
1889. Two other mines in Lafayette, the Excelsior and the 
Mitchell opened in 1890 and 1893, respectively.
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3.2.2 Mining Methods and Practices
In general, mining in the study area was accomplished 
with either room and pillar or retreat methods. These 
methods are described below.
Regardless of whether room and pillar or retreat mining 
methods were used, most mines were accessed by vertical
shafts. Most shafts were between 6 and 10 feet square. In
addition to these access shafts, many mines had smaller air
shafts that were used to provide ventilation to the mine 
workings. When a mine was closed or abandoned, the shafts 
and slopes were generally filled with loosely compacted 
trash and debris.
Generally, all types of mining utilized haulage or entry 
ways for access. Entry ways and haulageways were generally 
10-12 feet wide and accompanied by large blocks of in-place 
coal left by the miners in order to provide stability of the 
roof over the entries as illustrated in Figure 3-3. These
blocks were referred to as "barriers" or "barrier pillars".
Room and pillar mining involved the excavation of rooms, 
generally 14 to 20 feet wide and from 100 to 300 feet long 
with 22- to 40-foot wide pillars between rooms. A large 
rectangular pillar, approximately 40- by 40-foot square, was 
left nearest the haulageway. Generally 30 to 60 percent of 




O v e rb u rd e n
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(After Dames & Moore, 1986)
Figure 3 -3  
Typical Room and Pillar Mining System
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tion. The roofs of these rooms were often supported with 8- 
to• 10-inch diameter, 6-foot long pine posts (Thomas, 
1985). Figure 3-3 illustrates the use of this method.
After being mined with standard room and pillar methods, 
some areas were mined further using retreat methods. Re­
treat mining methods consisted of mining the remaining 
pillars, one section at a time, until the wooden roof sup­
ports could no longer support the increasing loads. Figure 
3-4 illustrates the implementation of retreat mining. 
Generally, 60 to 80 percent of the mineable coal was removed 
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4.0 MINE SUBSIDENCE IN THE STUDY AREA
Generally, residential damage that can be attributed to 
underground coal mines is caused by mine subsidence. This 
subsidence occurs as the mine roof and overburden materials 
collapse into the mine-created void. Observations and 
recent studies (Dames & Moore, 1986) have shown that mine 
subsidence in the study area generally occurs in three 
ways. A brief description of these subsidence types is
presented in Section 4.1. If this collapse reaches the 
surface, its effects can be seen in many different forms, 
such as cracked sidewalks, misaligned door and window 
frames, broken foundations, and even open holes. Since the 
opening of the coal mines, numerous reports of such damage 
have been made. A summary of these reports is presented in 
Section 4.2.
4.1 Types of Subsidence
In general, subsidence over either abandoned or active 
underground coal mines occurs when rock above a mined open­
ing collapses or deforms into the void. Mine-related subsi­






In general, chimney subsidence involves the collapse of 
materials directly above the mine-created void. Chimney 
subsidence can produce surface "sinkholes”, which are circu­
lar or elliptical surface depressions. Sinkhole depths 
typically range from a few inches to feet depending on 
specific subsurface conditions. Sinkhole diameters can 
range from several feet to as great as 30 or 40 feet.
The appearance of sinkholes at the ground surface is 
dependent on the depth to the mined horizon. The diameters 
of sinkholes are related to the width and length of the 
collapsed mine area. For instance, in room and pillar 
mining areas, the average diameter of sinkholes will not be 
significantly greater than the size of the mined void, or 
room.
4.1.2 Trough Subsidence
The term "trough subsidence" is used to describe a dish­
shaped lowering of the ground surface over mined areas as a
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result of widespread collapse. Trough subsidence charac­
teristically occurs in areas where retreat mining methods 
were used.
Observations of trough subsidence over retreat mining 
areas indicate that the ground surface generally lowers as a 
mass in response to the collapse of overburden materials
into underground mine openings. This type of subsidence 
involves both the collapse and plastic deformation of over­
burden material into the mined horizon. As the depth to
mining decreases, trough subsidence may contain an irregular 
pattern of humps and holes. These patterns are an expres­
sion of the remaining pillars within the retreat mining 
area.
4.1.3 Shaft Collapse
When a mine was closed or abandoned, the shafts were 
generally filled with loosely compacted trash and debris. 
The debris in the shaft often collapses and consolidates 
later, creating vertical holes or depressions at the sur­
face. These depressions can reach depths of more than 20
feet. Vertical shafts often cause the most-pronounced 
subsidence hazards. However, due to the fact that most of 
the mine shafts are located outside of the study area and 
that damage from shaft collapse is often so extensive that
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the affected areas are normally destroyed, shaft collapse
was not included in this study.
4.2 Historical Subsidence Events
Mine-related subsidence has had a significant effect on 
the City of Lafayette. Several buildings built during the 
early 1900's were reinforced with steel railroad rails to 
reduce the strains induced by subsidence (Sherman and Young,
1985), see Figure 4-1. In about 1916, the Lafayette school 
was closed for a year because of more than four feet of 
subsidence. In addition to the school, other buildings were 
adversely affected by subsidence, see Figure 4-2.
In 1960, an intersection in southern Lafayette caved in, 
forming a hole 25 feet in diameter and 20 feet deep. In 
addition, residents reported sinkhole occurrences, of up to 
15 feet in diameter and 10 feet in depth, during the 1950s, 
1960s and 1970s (Dames & Moore, 1986).
Four shaft collapses have been documented in Lafa­
yette. In 1911, a wagon pulled by a horse and mule broke
through a covered air shaft on Emma Street (Dames & Moore,
1986). The same shaft collapsed again in 1957. The Mitch­
ell shaft collapsed in 1976 (Sherman, 1985), and during 
1982, an air shaft collapsed in the 800 block of East Cleve­
land (Dames & Moore, 1986). In Louisville, only one shaft
ER-3321 — 24 —
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collapse has been documented. The Leader Shaft, south of 
town, collapsed in 1983.
Subsidence in the Louisville area was first documented 
in the October 10, 1893 edition of the Boulder Daily Came­
ra . The article in this edition was entitled "The City of 
Louisville Rapidly Sinking Through the Earth." Subsidence 
damage occurred frequently in downtown Louisville in the 
late 1800's and early 1900's. Damage was so extensive 
between 1895 and 1912, that the City of Louisville sued 
various mining companies (Dames & Moore, 1986). One large 
two-story building in downtown Louisville was condemned in 




The first two phases of this study, as explained in 
Section 2.0, involved the collection of data. These con­
sisted of pertinent mining and geological data and residen­
tial damage records. The pertinent geological and mining 
data were accumulated in two parts ; a review of available 
subsidence data, and subsurface exploration. The residen­
tial damage records were collected during a field survey. 
The following sections describe these data collection tasks 
in more detail.
5.1 Collection of Pertinent Mining and Geologic Data
5.1.1 Review of Available Subsidence Data
As part of a Colorado State program to assess the poten­
tial for future subsidence within the Front Range Urban 
Corridor, several previous studies have been prepared by 
various organizations. Amuedo and Ivey (1975) prepared a 
general overview of subsidence hazards in the Boulder-Weld 
Coal Field based on available literature. Dames & Moore 
(1985, 1986) and Hynes (1984) prepared detailed analyses of 
future subsidence hazards, using both available data and 
subsurface explorations.
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In addition, 36 site-specific reports, completed on
behalf of developers in the Louisville and Lafayette areas 
by private engineering firms were reviewed. These studies 
generally included a limited subsurface exploration program 
and a review of historical records including mine maps. The 
lithologie and geophysical logs from these subsurface explo­
ration programs were reviewed. The data from these logs 
were then extracted onto a borehole information sheet, see 
Figure 5-1. These sheets contain information on the depth 
to mining, mining methods, mined thickness, current mine 
conditions and geologic conditions.
5.1.2 Subsurface Exploration
The subsurface exploration program was conducted by 
Dames & Moore and is discussed in detail in the Dames & 
Moore report (1986). This program included four core holes 
and 120 rotary drill holes. The locations of these holes 
were selected by Dames & Moore with approval from the cities 
of Louisville and Lafayette and from the State of Colora­
do. All drilling was supervised by a Dames & Moore geolo­
gist. Only 102 of the rotary drill holes were completed in 
undermined areas. The non-undermined drill holes were not 
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The core holes were drilled outside of study area. 
However, based on current understanding of the regional 
geology, it is believed that they are representative of the 
study area lithology. The core holes were used to document 
local stratigraphy, collect samples for laboratory testing, 
and to characterize material properties.
The four core holes were rotary drilled with 5-1/8 inch 
drag bits to a depth near the mined horizon (45 - 160 feet) 
then cored using an NQ wireline diamond core bit. The 1-7/8 
inch rock core was then wrapped, boxed, and shipped to a 
local testing laboratory. The on-site geologist logged the 
entire hole lithologically from chip samples during the 
rotary section and the core samples in the core zone. In 
addition, each hole was geophysically logged using electri­
cal resistivity, natural gamma, gamma-gamma, and caliper 
logs. Examples completed lithologie and geophysical logs 
are illustrated on Plates 5 and 6.
The 102 rotary drill holes were completed to charac­
terize the conditions within, and the extent of, abandoned 
mines in the study area. The holes were drilled using 5-1/8 
inch drag bits and lithologically logged using a chip samp­
ler by the on-site geologist. If conditions permitted, 
i.e., the holes did not cave, the holes were geophysically 
logged immediately after drilling. Of the 102 drill holes, 
32 were located in Lafayette and 70 in Louisville.
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Af ter completion of the subsurface investigation, the 
data from the lithologie and geophysical logs were extracted 
onto borehole information sheets, see Figure 5-1. This data 
included overburden, void, and rubble thickness, where 
applicable, depth to mine, etc.
5.2 Collection of Residential Damage Records
A survey of residential damage in Lafayette and Louis­
ville was undertaken in order to provide information on the 
type and magnitude of damage that has occurred in undermined 
areas. To distinguish between damage caused by underground 
mine subsidence and damage caused by other factors, two 
groups of residential structures were selected. These 
included 1) residential structures located in undermined 
areas, and 2) residential structures located outside mapped 
mine limits or nonundermined areas.
It had been shown that, for areas along the Front Range 
of Colorado, underground mine subsidence decreases rapidly 
after 30-40 years from the time of mine abandonment (Dames & 
Moore, 1985; Dames & Moore, 1986). Based on the fact that 
most mines in the Louisville and Lafayette areas were aban­
doned prior to the early 1920's, the majority of expected 
subsidence would thus have taken place prior to about 1955.
Because this study was intended to provide information 
on the probability of damage to new homes, the survey of
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resident ial damage concentrated on structures built subse­
quent to the majority of expected subsidence, i.e., after 
1955. Because structures less than 20 years old may not 
have had adequate time to experience a probable occurrence 
of subsidence, only homes built before 1967 were surveyed.
5.2.1 Selection of Survey Participants
Based on project economics, it was agreed that the study 
would cover 230 homes, 160 in undermined areas and 70 in 
nonundermined areas. If more homes than needed for the 
survey were found to be within the age criterion, the survey 
homes would be selected randomly. Target group homes were 
identified through the visual comparison of aerial photo­
graphs taken in 1955 and 1967. Identification of homes was 
complicated by dense foliage in the 1955 photos. During the 
original selection process, only 143 homes in undermined 
areas could be identified while an abundance of homes in 
nonundermined areas were identified. For this reason, a 
random selection process was utilized for those homes in 
nonundermined areas.
During the survey process, it was found that many of the 
selected undermined homes had been built prior to the target 
date of 1955. In many cases, this was a result of misiden- 
tification of the homes during the comparison of historical
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air photos. In other cases this was because the homes had 
built elsewhere, and moved to the study area prior to 
1955. In addition, it was found that many homeowners were 
not home or declined to participate in the survey, and that 
several of the homes had been demolished or removed. These 
factors resulted in a decrease from 143 to 81 in the sample 
size of target homes built between 1955 and 1967 in under­
mined areas. To offset this decrease, an additional 87 
undermined homes built prior to 1955 were included in the 
survey. The final distribution of homes for which surveys 
were attempted is summarized in the following table :
TABLE 5-1 
SUMMARY OF SURVEY TARGET HOMES
Undermined Homes Nonunder-
Total Homes PRE-19 55 Post-1955 Mined Homes
257 87 81 89
5.2.2 Field Survey Procedure
In order to provide homeowners with as much chance as 
possible to participate in the survey, an introductory 
letter and sample survey form were delivered to each 
homeseveral days prior to the survey visit ; the survey was 
conducted on weekends.
Before beginning the survey, a trial survey form was 
developed. This form was reviewed by the State before 
performing any actual surveys, and modified as appropri­
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ate. A test survey consisting of about 15 homes was com­
pleted using the trial forms. Based on the test survey, the 
forms were again modified and finalized for the study. The 
survey form was designed to eliminate as much subjectivity 
by the surveyor as possible. To complete the survey, the 
surveyor was required to gather information on the home, 
including assessing damage for nine interior structural 
elements and eight exterior elements, and to provide an 
overall damage evaluation for the entire home. A copy of 
the survey form is shown in Figure 5-2.
The criteria used to rate the damage to specific ele­
ments are shown in Figure 5-3. The ranking was on a scale 
1-4, with 4 representing the most damage. The criteria used 
to rate the overall condition of the houses are also shown 
in Figure 5-3. Each home was given 7 points, which were 
distributed across six damage categories.
Two attempts were made to contact the residents of each 
home. If both attempts were unsuccessful, an evaluation of 
only the exterior elements was performed. The final number 
of homes in each group and the number of surveys completed 
are shown in Table 5-2.
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TABLE 5-2
SUMMARY OF HOME SURVEYS COMPLETED
Non-undermined 
Total Undermined Homes Control 
Homes Pre-1955 Post-1955 Group Homes
Total Homes Attempted 257 87 81 89
Complete Survey 179 58 52 69
Partial Survey 55 14 23 18
(Exterior Only)
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Data collected during this study was tabulated using a 
computer database management system. Data analyses of 
current mine conditions and past residential damage were 
performed. The analysis procedures and results are present­
ed below.
6.1 Current Mine Conditions
Data from the borehole data sheets, see Figure 5-1, were 
tabulated in order to analyze the current conditions of the 
mines and the mine overburden, to estimate the amount of 
subsidence that has taken place in the past, and to estimate 
the likelihood that subsidence may occur in the future. A 
printed copy of this data is supplied in Appendix A. During 
the tabulation of this data the following assumptions were 
used :
o If nonrubblized coal was encountered it was assumed
that the drill hole had hit a mine pillar.
o If a void but no rubble was encountered, the area
was considered to be uncollapsed.
o If rubble but no void was encountered the area was
considered to be completely collapsed.
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o If both rubble and void were encountered the area 
was considered to be only partially collapsed.
It should be noted that the determination of voids is 
quite subjective, and that all rubble contain voids in some 
degree. Since the accurate determination of all voids, did 
not fall within the scope of this study, the opinion of the 
drill hole geologist, as reflected on the drill hole logs, 
was accepted as accurate.
Areas in which voids are still present are considered to 
have a higher probability of future subsidence than areas in 
which no voids exist. As a result, areas which are classi­
fied as partially collapsed may have a significantly higher 
probability of future damage than do areas that are classi­
fied as completely collapsed.
Based on the assumptions described above, the data of 
Table 6-1 were tabulated. The mine features of Table 6-1 
are described in Section 3.2.2. The data in this table are 
presented in the following format:
KEY:
x/y: x = number of boreholes that encountered the
z specified condition and the specified mine
feature
y = total number of boreholes that encountered 
the specified mine feature.




SUMMARY OF MINE CONDITIONS ENCOUNTERED BY DRILL HOLES
Coal Un­ Completely Partially
Feature Mining Pillar collapsed Collapsed Collapsed
Barrier Pillar 4/5 0/5 1/5 0/5
80% 0% 20% 0%
Entryway 4/10 0/10 4/10 2/10
40% 0% 40% 20%
Retreat Mining 12/59 0/59 36/59 11/59
20% 0% 61% 4%
Room and Pillar
Mining 13/28 0/28 14/28 1/28
46% 0% 50% 4%
Total 33/102 0/102 55/102 14/102
32% 0% 54% 14%
Based on the data presented in Table 6-1, it can be 
shown that probability of encountering a void is much less 
in areas of room and pillar mining than in areas of retreat 
mining. The data also shows that the probability of encoun­
tering a void in an area of retreat mining is approximately 
equal to that in an entryway. However, it can easily be 
assumed that the four drill holes that encountered a non­
rubblized coal in an entry did so as a result of inaccurate­
ly locating the suspected entryway. If this assumption is 
correct, then the four holes can be ignored. This would 
change the entryway proportions to 4/6 and 2/6 for complete­
ly collapsed and partially collapsed, respectively. This 
increases the probability than an entryway area contains a
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void from 20% to 33%. Based on the assumption that the 
presence of a void increases the risk of future subsidence, 
the data of Table 6-1 illustrate that the greatest risk for 
future subsidence is in areas that overlie entryways, fol­
lowed by areas that overlie retreat mining areas and that 
areas which overlie sections of the mine developed with room 
and pillar methods have very little chance for future subsi­
dence .
During drilling it was found that the average total 
amount of voids in areas of room and pillar mining and areas 
of retreat mining is approximately equal, 3.0 feet and 3.1 
feet, respectively. However, the voids in the vicinity of 
entryways were much bigger, approximately 5.8 feet. Based 
on an average mined thickness of 6.6 feet, these values 
represent 45%, 47%, and 88% of the mined thickness,
respectively.
6.2 Mining and Residential Damage
To assess the severity and frequency of mine subsidence- 
induced damage in the Louisville and Lafayette area, a 
statistical analysis of the data collected during the home 
survey was performed. A printed copy of these data is pro­
vided in Appendix B. As described in Section 5.2.2, the
survey assigned each element of the survey a ranking of D1
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to D4, in addition to ranking the home for overall condi­
tion. In general, each element, as shown in Figure 5-1, was 
categorized into one of four groups. 'These groups were 
designed as D1 through D4. The D1 category was used to 
describe home elements with essentially no damage, the D2 
category to describe elements with cosmetic damage only (not 
requiring repair), the D3 category to describe elements 
requiring some repair, and the D4 category to describe 
elements which require replacement.
Because most surveys were completed without extensive 
inspections of the house, and in many cases, the damaged 
element had been repaired or replaced by a previous owner, 
it was assumed that only the distinction between the D2 and 
D3 categories was statistically valid. As a result, the 
categories were condensed into two groups, D1-D2, and D3- 
D4. In further discussions the D1-D2 group will be referred 
to as "undamaged", while the D3-D4 group will be referred to 
as "damaged." However, it must be understood that some Dl- 
D2 residences have experienced cosmetic damage. The damaged 
versus undamaged terminology is intended only to simplify 
the discussions and data analyses which follow.
As stated previously, the objective of this study was to 
determine if residential areas above underground coal mines 
had been adversely affected by those mines. To accomplish 
this goal, a method to test the difference between two
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proportions was developed. For example : if the proportion
of damaged homes in areas over mines is not significantly 
different than the proportion of damaged homes in nonmined 
areas than it is reasonable to conclude that the mines have 
not adversely affected the undermined areas.
Statistical tests are generally based on the acceptance, 
or rejection, of a predetermined, or null, hypothesis. The 
null hypothesis used in this study was that , where
Pj_ and P2 are the tested proportions. This hypothesis is
equivalent to saying that no difference exists between the
two proportions. The results of statistical tests are often 
highly dependent on the level of significance at which the 
test is conducted. This level, often called the alpha 
level, is a measure of the probability that the test may
reject the hypothesis when it is actually true. In order to
state a conclusion with a great deal of confidence, the test 
must be conducted with a relatively small alpha value. The 
alpha value for each statistical test is chosen according to 
the hypothesis being tested and the desired level of 
confidence. Since all tests used in this study were two 
sided (i.e, either P^ < P2 or P^ > P2 invalidate the 
hypothesis P^ = P2 ), desired values of alpha were chosen 
according to the following criteria:
Alpha = (1/2)(1 - confidence level)
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In order to test the two proportions, the statistical 
value, Z, is essential. This value is computed using the 
following formula (Walpole and Meyer, 1985):
2 = ---------- 2l_L_E2--------  i
(p)(q) [(i/%i) + (i/n 2)3 2
where: = X^/N^ = First Proportion
?2 = X2/N2 = Second Proportion
p = ( % 2  + X2)/(N1 + N2) = Combined Proportion
q = 1 - P
Xi ,N2 = Number of Observed Values from Each Sample
Ni ,N2 = Total Size of Each Sample
The null hypothesis is tested and accepted, or rejected, by 
comparing the computed value of z to the tabulated values of 
the Student t statistic, available in standard statistic 
texts. If the tabulated t statistic, at the desired 
confidence level, is lower than z, then the null hypothesis 
is rejected. If the tabulated t statistic, at the desired 
confidence level, is equal to or higher than z, then the 
null hypothesis is accepted. To illustrate this process the 
following example is provided.
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If eight of eleven homes over a mine area have been
damaged, and seventeen of sixty homes in an unmined area
have been damaged, at what confidence level can it be said
that the mines have adversely affected the overlying homes?
Null Hypothesis: 8/11 = 17/60
z = ______ (8/11) - (17/60) 1
(25/71)(.65) [1/11 + 1/60] 2 = 2.84
Comparing this z value with the tabulated student t statis­
tics, results in rejection of the null hypothesis with a 
confidence level of 99.5%. In other words, the two propor­
tions (8/11 and 17/60) can be accepted as not equivalent 
with only a 1/200 chance of being wrong.
Using this procedure, the data accumulated during the
home survey, as described in Section 5.2, were analyzed. 
These data are tabulated in Tables 6-2 and 6-3 according to 
the survey element type. The data represent the proportion 
of homes which have been damaged in each of the home cate­
gories .
The data in Tables 6-2 and 6-3 are presented in the follow­
ing format:
KEY:
x/y: x = number of damaged homes in the sample




SUMMARY OF STRUCTURAL DAMAGE RATES
PRE POST MINED UNMINED
Structural 19/95 9/52 28/147 6/87
20% 17% 19% 7%
Floor Slab 1/31 0/29 1/60 0/48
3% 0% 2% 0%
Interior Founda- 1/32 0/29 1/61 0/49
tion Cracks 3% 0% 2% 0%
Exterior Walls 5/86 3/47 8/133 2/76
6% 6% 6% 3%
Uneven Floors 8/61 1/47 9/108 2/68
8% 2% 5% 1%
Windows 0/64 1/49 6/111 1/78
0% 2% 1% 0%
Doors 4/64 3/49 7/113 1/70
6% 6% 6% 1%
Structural and
Property 25/95 20/52 45/147 23/87
26% 38% 31% 26%
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TABLE 6-3 
SUMMARY OF PROPERTY DAMAGE RATES
PRE POST MINED UNMINED
Property 11/95 13/52 24/147 19/87
12% 25% 16% 22%
Street 0/87 4/40 4/127 2/79
0% 10% 3% 3%
Sidewalk 2/85 4/45 6/130 6/80
2% 9% 5% 8%
Walkway 1/82 1/46 2/128 2/69
1% 2% 2% 3%
Driveway 0/38 2/33 2/71 5/61
0% 6% 3% 8%
Stoop 1/71 3/43 4/114 7/80
1% 7% 4% 9%
Patio 0/35 0/28 0/63 4/46
05 0% 0% 9%
Front Porch 3/34 0/20 3/54 2/24
9% 0% 6% 8%
Yard 5/73 1/42 6/115 0.78
7% 2% 5% 0%
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In order to simplify the presentation of data in these 
tables and the discussion of the analysis results, the 
following terms will be used to describe each of the home 
categories :
"PRE"; Any home built before 1955 and currently
located above a mine,
"POST"; Any home built between 1955 and 1967 and
currently located above the mine,
"MINED"; The combination of both "PRE" and "POST"
homes, and
"UNMINED"; Any home not currently located above a
mine.
Because not every survey site contained all fifteen of the 
surveyed elements, and because many of the surveyed elements 
were often obscured or hidden, the survey was unable to
observe every element at all survey sites. As a result, the 
proportion denominators shown in Tables 6-6 and 6-3 may vary 
from one element to another.
In addition to analyzing the affects of undermining on 
residential areas, an analysis was performed to determine if 
more damage had occurred to the homes built over a mine 
between 1955 and 1967. These analyses are discussed in 
Sections 6.2.1 and 6.2.2.
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6.2.1 Mined Versus Unmined Areas
Based on the data of Tables 6-2 and 6-3, several tests 
were performed. These tests analyzed the difference between 
each of the three categories of homes that had been under­
mined and nonundermined homes. More specifically, the 




These tests were performed for each of the fifteen surveyed 
elements, for any type of structural damage, for any type of 
property damage, and for any damage at all. The confidence 
level at which the null hypothesis for each test was 
determined. These confidence levels were classified as 1 ) 
less than 80%, 2) between 80% and 90%, 3) between 90% and
95%, and 4) greater than 95%. The confidence level 
classifications are reported in Table 6-4. For this study 
it was felt that only those tests whose confidence level 
exceeded 90% would be considered significant.
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TABLE 6-4









Floor Slab 1 1 N/A 1
Interior
Foundation
Cracks 1 1 N/A 1
Exterior Walls 1 1 1 1
Uneven 4* 4* 1 2
Finished 2 4* 1 2
Misaligned 1 N/A 1 1
Misaligned 1 2 2 2
Street 4* 2 3* 1
Sidewalk 3* 2 1 1
Walkway 1 1 1 1
Driveway 2 3* 1 2
Stoop 2 4* 1 2
Patio 2 3* 2 4*
Front Porch 2 1 2 1
Yard 1 4* 2 4*
Structural 1 4* 2 4*
Property 4* 3* 1 1
Any Damage 2 1 2 1
KEY: 1 <80%
2 = 80% - 90%
3 90% - 95%
4 = 95%
N/A = Not Applicable* = Considered Significant in this Study
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Based on these tests, the following significant dif­
ferences were observed :
o No yard damage was observed in areas of '*UNMINED"
homes, but it was observed in 5% (6/115) of the
"MINED" areas.
o Structural damage was observed in 7% (6/87) of the
"UNMINED" homes but in "MINED" homes it was observ­
ed 19% (28/147) of the time.
o PRE 1955 homes were observed to have uneven floors
in 13% (8/61) of the survey location while uneven
floors were only observed in 3% (2/68) of the
"UNMINED" homes.
Figure 6-1 illustrates these differences. The application 
of these differences will be discussed further in Section 
7.0.
6.2.2 Old Versus Young Undermined Areas
This test was also based on the data of Tables 6-2 and 
6-3. It was designed to evaluate the assumption that more 
subsidence occurs within the first forty years following the 
closure of a mine than after that period. To perform this 
test, the "PRE" homes were compared to "POST" homes in a






























confidence level classifications for this test are reported 
in Table 6-3. Based on this test, the following significant 
differences were observed:
o Uneven floors were observed in 13% (8/61) of the
PRE 1955 homes while it was only observed in 2% 
(1/47) of the Post 1955 homes.
o Post 1955 homes were observed to have damaged
property 25% (13/52) of the time but in PRE 1955
homes such damage was only observed 12% (11/9 5) of
the time. This property damage was generally
observed as street and sidewalk damage.
These differences are illustrated in Figure 6-1 and will be 
discussed further in Section 7.0. Once it had been shown 
that mining can affect the overlying residential areas. An
analysis of which mining parameters might control these
effects was performed.
6.2.3 Influence of Selected Parameters on Undermined Areas
To assess the influence that certain geologic and mining 
parameters may have on the severity and frequency of damage
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to overlying residential areas, a statistical analysis
similar to that described in Section 6.2.1 was performed.





Room and Pillar Mining 
Retreat Mining 
o Depth to the Mine Workings
o Percent Claystone in the Mine Overburden
This analysis was performed using the data from Table 6-5.
This data is for "MINED" homes. In addition, only three
types of damage were analyzed; 1) structural damage, 2)
property damage, and 3) any damage. The data of Table 6-5 
follow the same format as previous data tables.
The confidence level classifications for this analysis 
are provided in Table 6-6. Based on this analysis, the 
following significant differences were observed :
o Residential areas above room and pillar mining were
observed to have been damaged 43% (22/51) of the
time. This rate was much higher than either areas 
above retreat mining or entryways, which had a 
combined damage rate of 25% (22/87). However, even
ER-3321 — 55—
TABLE 6-5
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Amount of Claystone in Overburden
0% - 40% No Observations
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this rate is significantly higher than the damage 
rate in areas built above barrier pillars where no 
damage was observed.
o Property damage was observed in 30% (3/10) of the
survey locations where the mine depth was between 
150-200 feet. Similar damage was only observed in 
10% (14/137) of the locations where the mine depth 
was less than 150 feet or greater than 200 feet, 
o It was observed that the percentage of claystone in
the overburden one and the damage rate to structur­
al rates are inversely proportional. That is, as 
the percentage claystone increases, the structural 
damage rate decreases.
These differences are illustrated in Figure 6-2 and will be 
discussed further in Section 7.
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TABLE 6-6
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This report documents the work and results of an inves­
tigation into the relationships between underground coal 
mining and residential damage to overlying areas in Louis­
ville and Lafayette, Boulder County, Colorado. This study 
was performed as part of a comprehensive subsidence risk
analysis requested by the State of Colorado.
During this study, the following were observed:
o Approximately 14% (14/102) of all drill holes in
the study area encountered one or more voids. 
Generally these voids exceeded three feet per drill 
hole. This may suggest that although a great deal 
of the mines have already completely collapsed, 
there is still a significant amount of subsidence
that may be expected in the future.
o Although areas built above mine entryways have
experienced less damage in the past, 22% (6/27),
than areas above retreat mining, 27% (16/60), or
room and pillar mining, 43% (22/51), they may have
a higher probability of experiencing damage in the
future. This is due to the fact that nearly
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20% (2/10) of the investigated entryways contained 
voids, with an average total void thickness of over 
5 feet per drill hole.
Based on the analyses reported in Section 6.2, the 
following general conclusions were made:
o Homes located above mined areas have almost three
times the probability of having structural damage, 
19% (28/147), than do homes located above unmined
areas.
o Homes located above mined areas have a much greater
probability of having a damaged yard, 5% (6/115),
then do homes located above unmined areas, 0% 
(0/78) .
o Homes built prior to 1955 and currently located
above a mine have about 6| times the probability of 
having uneven floors, 13% (8/61), than do either 
undermined homes built after 1955, 2% (1/47), or
nonundermined homes, 3% (2/68). Although this may 
be due to simple aging or to differing construction 
methods, the conservative assumption may be that 
the amount of subsidence has decreased since 1955.
o Undermined homes built after 1955 have a much
greater probability of having damaged streets and 
sidewalks, 9% (4/45) than do undermined homes built 
prior to 1955 , 2% (2/85). This may be due to the
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fact the older residential Areas have had a longer 
amount of time for the streets and sidewalks to be 
repaired or replaced during normal municipal main­
tenance. This maintenance may have obscured the 
real data. The conservative assumption might be 
that no real difference exists in the area, 
o Several features of the mine can significantly
affect the probability that an undermined home has 
experienced damage. It was found that areas built 
above room and pillar mining had the highest rate 
of damage, 43% (22/51), while areas above barrier
pillars had the lowest, 0% (0/9). This may indi­
cate that areas above room and pillar mining have 
the highest risk of being damaged, except for areas 
built around mine shafts. These areas were exclud­
ed from the study because of a lack of data, 
o The depth to the mine did not seem to affect the
residential damage except for areas where the depth 
to the mine was between 150 feet and 200 feet.
Because it is generally felt that the shallower
mines may cause more damage the author believes 
that this relationship needs to be evaluated fur­
ther. Perhaps an unknown parameter is masking the 
results.
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o There appears to be a significant decrease in the 
damage rate of undermined homes as the percentage 
of claystone in the overburden is increased, from 
50% (2/4) at 60% claystone to 28% (25/90) at 80 + % 
claystone. This may be the result 1) the differ­
ence in elastic strength between the claystone and 
the other major constituent of the overburden, 
sandstone, and/or the difference in the bulking 
characteristics of claystone and sandstone. Either 
of these factors could reduce the amount of subsi­
dence collapse which in turn would decrease the
damage rates.
The results of this study are highly dependent on the
study area conditions, and should not be applied elsewhere 
unless the geologic, mining, and residential conditions are 
similar. As a result, it is the author's opinion that a
series of similar studies should be performed in order to 
evaluate the correlation of the results. Such a correlation 
may lead to the development of general guidelines and con­
clusions. Future studies should attempt to include a group 
of older unmined homes similar in age to the older mined 
homes. In addition, it should be noted that the larger the 
data sample, i.e., the more homes surveyed, the better the 
survey results.
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In conclusion, this study observed that homes over mines 
have almost three times the risk of damage compared to homes 
built in unmined areas and many such differences in damage 
rates have been shown to be statistically significant with 
90% confidence levels. Accordingly, some type of insurance 
program to help protect individual homeowners against such 
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KEY TO APPENDIX A1
Unless otherwise ntoed, a zero, 0, indicates missing 
data.
(1) BOREHOLE NUMBER: A sequential number assigned to
all boreholes in the study area.
(2) TOWNSHIP : No explanation necessary.
(3) RANGE : No explanation necessary.
(4) SECTION: No explanation necessary.
(5) QUARTER : No explanation necessary.
(6) ST. PLANE N.: State Plane North Coordinate.
(7) ST. PLANE E.: State Plane East Coordinate.
(8) MAP: Map plate which shows the location of the
borehole.
{9) REFERENCE: Source of borehole data. References
designated as B-XX, where XX is a number, are 
available from the Colorado Geologica Survey. 
References designated as Dames & Moore refer to 
were part of the 1986 Dames & Moore report.
(10) DATE DRILLED: No explanation necessary.
(11) SURFACE ELEVATION: No explanation necessary.
(12) DRILLED DEPTH: No explanation necessary.
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KEY TO APPENDIX A2
Unless otherwise noted, a zero, 0, indicates missing 
data :
(1) BOREHOLE NUMBER : A sequential number assigned to
all boreholes in the study area.
(2) SEAM DEPTH: Depth to the mined coal seam, when
coal was encountered. This value was used to 
indicate the presence, or non-presence, of a coal 
pillar.
(3) SEAM THICKNESS: Thickness of the mined coal
seam, when encountered.
(4) VOID DEPTH : Depth to the top of the uppermost
void encountered by the borehole.
(5) RUBBLE DEPTH: Depth the top of the rubblized, or
collapsed, zone.
(6) RUBBLE THICKNESS: Thickness of the rubblized
zone, where encountered.
(7) MINE FLOOR DEPTH : Depth to mine floor, measured










MINE TYPE: Mining feature encountered by the
drill hole, including Barrier (Pillar), En- 
try(way), N/A (Not Applicable), R&P (Room & 
Pillar mining), and Retreat (Retreat mining). 
RUBBLE/VOID THICKNESS: Combined thickness of
Rubble and Void.
LOWER SEAM DEPTH: Sames as (2) but for the lower
seam in an area of multiple seam mining.
LOWER SEAM THICKNESS: Same as (3) but for the
lower seam in an area of multiple seam mining. 
LOWER RUBBLE DEPTH: Same as (5) but for the
lower seam in an area of multiple seam mining.
LOWER RUBBLE THICKNESS: Sames as (6) but for the
lower seam in an area of multiple seam mining.
LOWER MINE FLOOR DEPTH: Same as (7) but for the
lower seam in an area of multiple seam mining.
LOWER MINE TYPE: Same as (8) but for the lower
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KEY TO APPENDIX A3
Unless otherwise noted, a zero, 0, indicates missing 
data :
(1) BOREHOLE NUMBER: A sequential number assigned to
all boreholes in the study area.
(2) TOTAL VOID THICKNESS: Combined thickness of all
voids encountered by the borehole, regardless of 
location.
(3) TOTAL RUBBLE THICKNESS : Combined thickness of
all rubble encountered by the borehole, regard­
less of location.
(4) COMMENTS : Any additional comments made by the
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KEY TO APPENDIX B1
Unless otherwise noted, a zero, 0, indicates missing 
data :
(1) SURVEY NUMBER : A sequential number assigned to
all survey locations in the study area.
(2) UNDERMINED : A logical indicator, T or F, of
whether the survey location was undermined or 
not. T means undermined, F means not undermined.
(3) CITY: An indicator of the city, 1 means Louis­
ville, 2 means Lafayette.
(4) YEAR BUILT: No explanation necessary.
(5) STORIES : Number of stories of the surveyed
location.
(6) BASEMENT: A logical indicator, T or F, of
whether the survey location had a basement or 
not. T means it did, F means it did not.
(7) LENGTH: Measured in feet.
(8) WIDTH: Measured in feet.
(9) HOUSE TYPE: An indication of the house construc­
tion of each survey location, 1 means brick 













FOUNDATION TYPE: An indication of the foundation
construction of each survey location, 1 means 
concrete, 2 means block.
EXTERIOR DAMAGE: An indication of the drainage
characteristics of the area around the surround­
ing the foundation, 1 means draiange away from 
the house, 2 means drainage towards the house. 
MINE NAME: No explanation necessary.
1 = Acme
2 = Leader/Ajax
3 = Rex #2
4 = Simpson
MINE FLOOR DEPTH: See explantion for Appendix A2
(7).
MINE TYPE: See explanation for Appendix A2 (8).
MINED THICKNESS: See explanation for Appendix A2
(3).
END OF MINING: The year that the underlying mine
was abandoned.
RUBBLE THICKNESS: See explantion for Appendix A2
(6).
VOID THICKNESS: The thickness of only the upper­
most void.
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(19) PERCENT SANDSTONE: Estimated percent of the
consolidated mine overburden that was classified 
as sandstone by the supervising geologist.
(20) PERCENT CLAYSTONE: Estimated percent of the
consolidated mine overburden that was classified 
as claystone by the supervising geologist.
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KEY TO APPENDIX B2
Unless otherwise noted, a zero, 0, indicates missing 
data :
(1) SURVEY NUMBER: A sequential number assigned to
all survey locations in the study area.
(2) - (8) Damage rate classifications for the sur­
veyed structural elements.
(2) FLOOR SLABS
(3) INTERIOR FOUNDATION WALLS
(4) EXTERIOR MASONRY WALLS
(5) UNEVEN FLOORS
(6) INTERIOR FINISHED WALLS
(7) STICKY WINDOWS
(8) STICKY DOORS











(17) - (22) Overall structural damage rate classifi­








(23) - (28) Overall property damage rate classifica­
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